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SPECIFICATION 

1. Title of the Device 

LIQUID CRYSTAL DISPLAY DEVICE 

2. Claims 

(1) A liquid crystal display device which is characterized by the fact that a liquid crystal 
display panel, a frame- form circuit board on which a driving circuit used to drive this panel is 
formed, anisotropic conductive rubber members which are clamped between this circuit board 
and the above-mentioned liquid crystal display panel, and which make electrical connections 
between these parts, and a frame- form plate body which is joined to the surface of the above- 
mentioned circuit board, are accommodated inside frame-form frames in which display windows 
are formed, and the above-mentioned plate body has a step construction comprising a lower- 
layer part used for overall protection of the driving circuit on the circuit board, and an upper- 
layer part used to regulate the positions of the above-mentioned anisotropic conductive rubber 
members on the outer peripheral part of the plate body together with the above-mentioned lower- 
layer part. 

3. Detailed Description of the Device 

(A) Field of Industrial Utilization 

The present device relates to a liquid crystal display device, and more particularly relates to a 
liquid crystal display device in which the liquid crystal display panel and the driving circuit that 
is used to drive the display of this panel are modulized. 

(B) Prior Art 

In recent years, as has been disclosed in an article titled "Bunsho to gazo hyoji wo nerau 
furatto paneru deisupurer ["Flat panel displays aimed at the display of documents and images"] 
in the January 2, 1984 issue of Nikkei Electronics, the development of various types of display 
devices such as systems using liquid crystal display devices, systems using electroluminescent 
display devices and systems using plasma displays has been pursued as devices that replace CRT 
display devices, and the future prospects of liquid crystal display devices in terms of allowing 
reduced power consumption and increased volume are currently highly evaluated. 

As a result of the use of such liquid crystal display devices, it has been possible to realize 
compact 3-inch or 5-inch television receivers that are small enough to be called "pocket 
televisions." However, the liquid crystal display devices of currently existing pocket television 
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receivers are almost all devices of the type in which a liquid crystal display panel and a driving 
circuit board that is used to cause the display performed by this panel are separately mounted 
inside the receiver and connected by flexible lead wires. In such cases, the work of assembling 
the liquid crystal display device including the work of connecting the flexible lead wires, etc., is 
complicated. Furthermore, since the driving circuit board is disposed on the outside of the liquid 
crystal display panel, there are limits to how far the size of the television receiver itself can be 
reduced, as a result of the presence of dead space for the assembly of such parts. 

(C) Problems That the Device is to Solve 

The present device was devised in light of the above-mentioned points; [the object of the 
present device is] to integrally modulize a liquid crystal display panel and a driving circuit that is 
used to drive the display of this liquid crystal display panel, so that the work of assembling this 
modulized liquid crystal display device is simplified, and so that the size of this liquid crystal 
display device is reduced. 

(D) Means for Solving the Problems 

The liquid crystal display device of the preisent device [is characterized by the fact that] a 
liquid crystal display panel, a frame-form circuit board on which a driving circuit used to drive 
this panel is formed, anisotropic conductive rubber members which are clamped between this 
circuit board, and the above-mentioned liquid crystal display panel, and which make electrical 
connections between these parts, and a frame-form plate body which is joined to the surface of 
the above-mentioned circuit board, are accommodated inside frame- form frames in which 
display windows are formed, and the above-mentioned plate body has a step construction 
comprising a lower-layer part used for overall protection of the driving circuit on the circuit 
board, and an upper-layer part used to regulate the positions of the above-mentioned anisotropic 
conductive rubber members on the outer peripheral part of this plate body together with the 
above-mentioned lower-layer part. 

(E) Operation 

In the liquid crystal display device of the present device, the frame-form plate body on the 
surface of the circuit board has a height which is such that the anisotropic conductive rubber 
members can be sufficiently held by the outer peripheral part [of this plate part] where both the 
upper-layer part and lower-layer part are present, and has a surface area which is such that the 
respective circuit elements on the circuit board can be protected by the lower-layer part of this 
plate body. Furthermore, in the low inner peripheral part consisting only of the lower-layer part, 
contact with the lower glass substrate is avoided in cases where (for example) a liquid crystal 
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display panel is used which has a lower glass substrate that is pasted in the central area to an 
upper glass substrate that contacts the anisotropic conductive rubber members in the peripheral 
area. 

(F) Embodiments 

An exploded perspective view of one embodiment of the liquid crystal display device of the 
present device is shown in Figure 1, a sectional view of this liquid crystal display device is 
shown in Figure 2, and essential parts of this liquid crystal display device are shown in Figures 3 
through 1 1 . 

As is shown in Figures 1 and 2, the liquid crystal display device of the present embodiment 
comprises a liquid crystal display device panel 1 * which performs a light transmission-type pixel 
display by performing a shutter action in pixel units with respect to natural light or light from 
back-lighting, a circuit board 2 on which a driving circuit used to drive this liquid crystal display 
device panel 1 is formed, and zebra rubbers 3 ... that electrically connect the above-mentioned 
panel 1 and circuit board 2, and these parts are modulized by being integrally accommodated 
inside frame- form metal frames 8 and 9 with a two-plate (front and back) construction in which 
display windows are formed. 

The respective constituent parts will be described in detail below. 

In the liquid crystal display panel 1, as is shown in the plan view shown in Figure 3 (a) and 
the side view shown in Figure 3 (b), a liquid crystal substance is interposed between two glass 
substrates la and lb on which electrodes are formed, and polarizing plates lc, lc are respectively 
pasted to the outside surfaces of these two glass substrates la and lb. An active matrix type 
panel in which TFTs are connected to the respective pixel electrodes as disclosed in Japanese 
Patent Application Kokai No. S58-25689 is used as the above-mentioned liquid crystal display 
panel 1. While the panel dimensions are 107 mm x 129 mm, a central portion with dimensions 
of 76 mm x 100 mm constitutes the image display region (indicated by broken lines in the 
figures). Furthermore, of the two substrates la and lb, the terminal -equipped substrate la on 
which the TFTs are disposed has a larger area than the other substrate lb. Specifically, timing 
signal input terminals (on the left and right sides) le, le used for on-off control of the TFTs, and 
video signal input terminals (on the upper and lower sides) If, If, are formed on the peripheral 



* Translator's note: Here and elsewhere, all of the symbols that designate the respective elements are actually in 
parentheses in the Japanese source document; however, for the sake of simplification, we have omitted such 
parentheses in our translation. 
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parts of the terminal-equipped substrate la, which extend beyond the peripheral parts of the other 
substrate lb. 

Accordingly, since the external dimensions of the modulized liquid crystal display panel 1 
are determined by the terminal -equipped substrate la, cruciform point marks id ... used for 
positioning are formed on the respective corner locations of the terminal-equipped substrate la. 

As is shown in Figure 4, the circuit board 2 comprises a printed board that carries and wires 
the circuit elements. This circuit board has the shape of a frame with external dimensions that 
are substantially equal to those of the above-mentioned liquid crystal display panel 1. A 
rectangular window 2c located in the center of the circuit board 2 is set so that this window 
matches the size of the effective image display region lg in the central portion of the liquid 
crystal display panel 1 or is broader than this effective image display region lg. Examples of the 
circuit elements of such a board 2 include ICs 2b ... used to create timing signals or video signals 
that drive the liquid crystal display panel 1, and other chip parts 2e ... such as resistors. For 
example, 15 ICs 2b ... are mounted on the side of the front surface (i.e., the surface that faces the 
liquid crystal display panel 1) of this board 2, and (for example) 9 chip parts 2e ... are mounted 
on the side of the back surface. Furthermore, timing signal output terminals (left and right sides) 
2d, 2d and video signal output terminals (upper and lower sides) 2f, 2f are provided on the outer 
peripheral parts of this board 2 in correspondence with the respective terminals of the above- 
mentioned liquid crystal display panel 1. Moreover, terminals into which R, G and B image 
signals and IC control signals, etc., are input are disposed in two places on the back surface side 
of this board 2, separated into two flexible flat lead wires 10, 10*. 

Electrical connections between the above-mentioned circuit board 2 and liquid crystal 
display panel 1 are accomplished by means of zebra rubbers 3 ... that are interposed in a 
compressed state between the terminals of the respective parts. In this case, the corresponding 
terminals of both parts must accurately face each other above and below. Accordingly, point 
marks 2a are also formed on the respective comers of the above-mentioned circuit board 2 in the 
same manner as in the above-mentioned liquid crystal display panel 1 , and the corresponding 
terminals of the circuit board 2 and liquid crystal display panel 1 are caused to correspond to 
each other above and below by the positioning of these marks 1 d ... and 2a so that accurate 
connections can be made by means of the zebra rubbers 3 ... . Furthermore, these zebra rubbers 
3 have a sandwich structure in which an anisotropic conductive part 3a is sandwiched between 
two insulating parts 3b, 3b, and good electrical connections are obtained by maintaining these 
zebra rubbers 3 at an appropriate compression rate (about 1 5%). For example, the "SR 
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connector" (commercial name) manufactured by Shin-Etsu Polymer Co., Ltd., can be used as 
such zebra rubbers 3. 

A combination of the above-mentioned liquid crystal display panel 1 , circuit board 2 and 
zebra rubbers 3 is basically accommodated inside the metal frames 8 and 9; here, frame-form 
molding plates 4 and 5 and a spacer 6 that are used to protect the ICs 2b ... and chip products 
2e ... that are mounted on the front and back surfaces are joined to the above-mentioned circuit 
board 2 by means of a bonding agent or two-sided [adhesive] tape. 

As is shown in the plan view shown in Figure 5 (a) and side view shown in Figure 5 (b), the 
first molding plate 4 has the shape of a frame that substantially coincides with that of the circuit 
board 2, and relief holes 4a ... that are used for resin potting are formed [in this molding plate 4] 
in places corresponding to the ICs 2b ... on the front surface of the circuit board 2. Specifically, 
frames for resin potting are not provided separately for each of the respective ICs 2b ... that are 
joined to the circuit board 2 by die bonding or wire bonding, etc.; instead, resin potting frames 
for all of the ICs 2b ... are formed at one time by means of the relief holes 4a ... in this first 
molding plate 4. Accordingly, resin molding of the ICs 2b ... can be accomplished by 
performing resin potting (resin dropping) on top of the ICs 2b ... that are exposed from the relief 
holes 4a and allowing this resin to solidify naturally. Here, however, in cases where there is a 
gap between the circuit board 2 and the first molding plate 4, there is a danger that accidents may 
occur in which the potting resin flows out from this gap during potting and insulates the 
terminals 2d, 2d and 2f, 2f. Consequently, it is necessary to ensure that no steps are formed 
particularly in the areas surrounding the ICs 2b ... on the circuit board 2. Accordingly, in the 
circuit board 2 of the present embodiment, as is shown in Figure 6, a solder resist 2g (indicated 
by hatching) which is a surface insulating film on the printed board (on which metal wiring 
patterns are formed) constituting the circuit board 2 is applied as a coating so that this solder 
resist 2g surrounds the electrode parts of the ICs (2b), thus flattening the areas surrounding the 
ICs 2b ... so that such steps are eliminated. Thus, since there is no gap between the circuit board 
2 and the first molding plate 4 in the areas surrounding the ICs 2b there is no need to coat the 
entire joining surfaces of these two parts 2 and 4 with a bonding agent; the two parts 2 and 4 may 
be bonded by means of a bonding agent that is applied in only a few places. 

As was described above, the first molding plate 4 serves for the molding of the ICs 2b ...; in 
addition, cut-out parts 4c ... and 5b ... are formed in the four outside sides of both [this first 
molding plate 4] and the second molding plate 5 (shown in the plan view shown in Figure 7 (a) 
and the side view shown in Figure 7 (b)) that is joined to this first molding plate 4, and the zebra 
rubbers 3 ... are inserted into these cut-out parts 4c ... and 5b so that these rubbers 3 ... are 
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positioned. Furthermore, since the first and second molding plates 4 and 5 are present between 
the liquid crystal display panel 1 and circuit board 2, through-holes 4b ... and 5a ... are formed in 
the respective corners of the first and second molding plates 4 and 5 so that the first and second 
point marks Id ... and 2a ... used for positioning can be seen. Furthermore, cut-outs may be 
formed instead of these through-holes 4b ... and 5a .... The outside dimensions of these first and 
second frame-form molding plates 4 and 5 substantially coincide; in regard to the inside 
dimensions, however, the dimensions of the second molding plate 5 are greater than those of the 
first molding plate 4. Meanwhile, the inside dimensions (opening dimensions) of the second 
molding plate 5 are greater than the outside dimensions of the lower glass substrate lb of the 
liquid crystal display panel 1 that is adjacent to this second molding plate 5, so that contact 
between these parts is prevented. For example, the material of these first and second molding 
plates 4 and 5 is an insulating material such as an epoxy resin or silicone resin; moreover, these 
parts can be integrally molded. 

In the spacer 6, as is shown in the plan view shown in Figure 8 (a) and side view shown in 
Figure 8 (b), relief holes 6a ... used to protect the chip parts 2e ... are formed in places 
corresponding to the respective chip parts 2e ... [that are mounted] on the back surface of the 
circuit board 2. The material of this spacer 6 may be the same as that of the above-mentioned 
molding plates 4 and 5. Furthermore, in this spacer 6, relief holes 6a* and 6a" for the soldering 
parts of the input terminals of the two flexible flat lead wires disposed in two places on the back 
surface side of the circuit board 2, and recessed grooves 6b which have the minimum depth 
required to allow relief of the thickness of the two flexible flat lead wires 10 and 10' (shown in 
the plan views in Figures 9 (a) and 9 (b)) that are respectively led out in the same direction 
(downward in the figures) from the soldering parts in these holes 6a' and 6a", are formed in a 
pattern indicated by hatching in Figure 8 in the surface that faces the circuit board 2. 
Specifically, the longer lead wire 10 is led out downward through the recessed groove 6b from 
the position of the upper hole 6a\ and is overlapped and joined with the shorter lead wire 10' 
that is led out further downward from the position of the lower hole 6a". Furthermore, soldering 
parts 10a, 10b, 10a' and lbb' are disposed on both end parts of the respective lead wires 10 and 
10'. Accordingly, no gap caused by the presence of this lead wire 10 [sic]* is generated between 
the circuit board 2 and spacer 6. This is important for preventing compressive strain with respect 
to the above-mentioned zebra rubbers 3, and makes it possible to avoid faulty electrical 
continuity of the zebra rubbers 3. 



* Translator's note: Here, the phrase "these lead wires 10 and 10'" is probably intended instead of "this lead wire 
10." 
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The above-mentioned liquid crystal display panel 1, the circuit board 2 to which the molding 
plates 4 and 5 and spacer 6 are joined, and the zebra rubbers 3 ... positioned between these two 
parts 1 and 2, are elastically clamped by the frame-form back-side metal frame 8 formed by the 
press molding of an iron plate as shown in Figure 10, and the frame- form front-side metal frame 
9 formed by the press molding of an iron plate as shown in Figure 1 1 . Furthermore, in both 
Figures 10 and 1 1, (a) shows a plan view, (b) through (c) [sic]* show respective side views, and 
(f) shows an enlarged sectional view. Specifically, elastic anchoring parts 8a ... on the peripheral 
outer wall part of the back-side metal frame 8 are engaged with anchoring holes 9a formed in the 
locations of tongue parts on the peripheral outer wall part of the front-side metal frame 9; as a 
result, the zebra rubbers 3 ... are appropriately compressed between the two joined frames 8 and 
9. Accordingly, peripheral locations on the front surface of the liquid crystal display panel 1 are 
press-bonded to the inside surface of the front-surface metal frame 9. In the present 
embodiment, therefore, four rectangular cushioning members 7 consisting of Teflon are 
interposed between the parts 1 and 9 in order to prevent cracking of the glass substrate 1 a of the 
above-mentioned panel 1 . Furthermore, these cushioning members 7 can also be integrally 
formed and used as [a single] frame-form part; in any case, however, it is necessary to exclude 
the locations of the point marks Id ... of the liquid crystal display panel 1 at the respective 
corners. In this regard, window holes 9c ... are formed in the respective corners of the front-side 
metal frame 9 so that the respective point marks Id ... and 2d ... [sicf of the above-mentioned 
liquid crystal display panel 1 and circuit board 2 can be seen. 

Furthermore, screw holes 8b ... and 9b ... used for the final screw fastening of the two metal 
frames 8 and 9 are formed in the respective peripheral wall parts of the two metal frames 8 and 9. 
Moreover, a slit 8c through which the flexible flat lead wires 10 and 10' are both led out to the 
outside in a state in which the two lead wires are superimposed is formed in the peripheral wall 
part of the back-side metal frame 8. 

Next, the assembly of the respective constituent parts described above will be briefly 
described. 

First, the circuit board 2 to which the spacer 6 and molding plates 4 and 5 have been joined is 
placed inside the back-side metal frame 8 which is fastened to a jig. At this time, the flexible flat 
lead wires 10 and 10' are led out to the outside via the slit 8c. 



* Translator's note: apparent error in the original for "(b) through (e)." 
§ Translator's note: apparent error in the original for "2a." 
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In this state, the terminals 2b, 2b and 2f } 2f that are exposed from the cut-outs 4c ... and 5b ... 
in the molding plates 4 and 5 are surrounded by these molding plates 4 and 5 and the peripheral 
wall parts of the back-side metal frame 8, and the zebra rubbers 3 ... are respectively inserted into 
these positions. Specifically, these molding plates 4 and 5 and the back-side metal frame 8 are 
used as members that regulate the positions of the zebra rubbers. 

Subsequently, the terminals le, le and If, If of the liquid crystal display panel 1 are placed 
on top of the four zebra rubbers 3 .... At this time, the point marks Id ... on the four corners of 
the liquid crystal display panel 1 are accurately aligned with the point marks 2a ... on the four 
corners of the circuit board 2. Then, in this state, the front-surface metal frame 9 is placed [on 
top] with the above-mentioned cushioning members 7 ... interposed, and is press-bonded 
downward, so that the two frames 8 and 9 are elastically joined. Finally, if the alignment of the 
above-mentioned point marks Id ... and 2a ... which can be seen via the window holes 9c ... in 
the four comers of the front-surface metal frame 9 is reconfirmed, the two metal frames 8 and 9 
are screw-fastened via the screw holes 8b ... and 9b .... As a result, a modulized liquid crystal 
display device is completed. 

In such a module, since the respective plate-form constituent parts are press-bonded inside 
the frames 8 and 9 by the elastic force of the zebra rubbers 3 ... as described above, compressive 
strain may be generated in the zebra rubbers 3 ... in a compressed state, so that the problem of 
faulty electrical continuity between the liquid crystal display panel 1 and circuit board 2 arises if 
there are gaps or steps between these respective constituent parts; however, this problem is 
eliminated in the device of the present embodiment. Specifically, even if flexible flat lead wires 
are partially interposed, gaps and steps are eliminated as a result of the formation of recessed 
grooves used for relief in the spacer 6 as described above, so that the compressed state of the 
zebra rubbers 3 ... is made uniform. 

(G) Effect of the Device 

In the liquid crystal display device of the present device, the height of the inner peripheral 
part of the frame-form plate body that protects the driving circuit on the circuit board, and that 
regulates the positions of the anisotropic conductive rubber members that make electrical 
connections between this circuit board and the liquid crystal display panel, is low; accordingly, 
this inner peripheral part can be prevented from contacting other constituent parts (e.g., the liquid 
crystal display panel). As a result, the liquid crystal display device can be made thinner. 
Furthermore, since the protection of the circuit and the regulation of the positions of the 
anisotropic conductive rubber members can be simultaneously accomplished by means of a 
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single plate body, a reduction in the size of the device and a simplification of the work of 
assembling the device may be expected. 

4. Brief Description of the Drawings 

Figure 1 is an exploded perspective view of one embodiment of the liquid crystal display 
device of the present device. Figure 2 is a sectional view of the device of the present device. 
Figures 3 through 1 1 are diagrams which respectively show constituent parts of the device of the 
present device. 

1... Liquid crystal display panel; 2... Circuit board; 3... Zebra rubbers; 4, 5... Molding 
plates; 6... Spacer; 7... Cushioning members; 8, 9... Metal frames. 

Applicant: SANYO Electric Co., Ltd. 
Agent: Shizuo Sano, Patent Attorney 
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Figure 1 
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Figure 2 



Applicant: SANYO Electric Co., Ltd. 
Agent: Shizuo Sano, Patent Attorney 



12 



Japanese Utility Model Application Kokai Number: S62-1 37479 




Applicant: SANYO Electric Co., Ltd. 
Agent: Shizuo Sano, Patent Attorney 



13 



Japanese Utility Model Application Kokai Number: S62-137479 



2a- 



2b 

1 



2( , 



IT J..IIUUullJ*liUlliin*^:jhlldllEJ*lilUttf^ ijiiJi l |ii]Jl : «4Uiliilt*l.»-lilli"iM.*iH|Hnp' ' 




Figure 4 



Applicant: SANYO Electric Co., Ltd. 
Agent: Shizuo Sano, Patent Attorney . 



14 



Japanese Utility Model Application Kokai Number: S62-J37479 



4t> 



AQ 



4a- 



Ac 



/ 

4a 



4c 
I 



Ac '(a) 



, .4b 




Figure 5 



Applicant: SANYO Electric Co., Ltd. 
Agent: Shizuo Sano, Patent Attorney 



15 



Japanese Utility Model Application Kokai Number: S62-1 37479 




Figure 6 
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